Few studies have evaluated fecal indices for monitoring diet quality and intake of North American deer. We conducted 11 digestion trials with black-tailed (Odocoileus hemionus columbianus Richardson) and mule deer (0. h. hemionus Rafmesque) to examine relationships between several chemical constituents of deer feces (i.e., fecal nitrogen, fecal 2,6-diaminopimelic acid (DAPA), fecal neutral detergent fiber (NDF), fecal acid detergent fiber, and fecal acid detergent lignin) and dry matter intake, digestible energy, digestible energy intake, diet crude protein content, crude protein digestibility, and digestible crude protein intake. We developed regression equations to predict diet quality and intake and also evaluated 2 alternative methods (organic matter basis and neutral detergent fiber (ndt) basis) for quantifying fecal indices. Concentrations of DAPA, fecal NDF, and fecal N were the most precise for estimating diet quality and intake. Extracts from 5 of 11 diets precipitated only small amounts of protein and influence of tannins on protein digestion probably was slight. Quantifying fecal indices per unit organic matter and neutral detergent fiber in the feces was comparable to the standard dry matter basis and under some field conditions should improve their predictive ability. We believe our best equations are suitable for management purposes where diets are similar and intake and quality are believed to be within the ranges we documented.
developed by Nelson et al. (1982) , is highly correlated with dietary digestible energy in sheep and cattle (J.R. Nelson and B.B. Davitt, unpubl. data) , but has not been tested with mule deer (Odocoileus hemionus hemionus Rafinesque) under controlled conditions.
To date, research with fecal indices has focused on domestic livestock (Holloway et al. 1981 , Holechek et al. 1982 , Wofford et ai. 1985 , Leite and Stuth 1990 , Lyons and Stuth 1992 , NunezHemandez et al. 1992 . A few studies have been conducted with North American deer under controlled conditions (Short and Remmenga 1965 , Mubanga et al. 1985 , Howery and Pfister 1990 . But, because of differences in diet selection, anatomy, and perhaps physiology, we cannot assume relationships for domestic ruminants will be the same for small cervids. Furthermore, our present knowledge of fecal index/diet quality relationships is based primarily on diets composed of only 1 to 4 species per diet, unlike the diverse diets selected by free-ranging ruminants. In this study, we examine relationships between fecal indices and diet quality using diverse mixtures of wild-grown forages.
Alternatives to the conventional dry matter basis of quantifying fecal indices also are examined. When wild ruminants consume soil at mineral licks (Weeks and Kirkpatrick 1976, Seip and Bunnell 1985) , efficacy of dry matter-based fecal indices may be compromised. Ashing fecal samples and presenting data per unit organic matter appear to alleviate this problem (B.B. Davitt, pers. observ.) . Also, Jenks et al. (1990) found fecal N, fecal neutral detergent fiber (NDF) and fecal acid detergent fiber (ADP) concentrations were not different after exposure for <24 days in Oklahoma. However, we believe weathering effects may exhibit regional and seasonal variability. Therefore, fecal index/diet quality relationships need to be examined for indices which might tolerate various pacific northwest conditions.
We investigated predictive relationships between diet quality/intake and corresponding fecal chemical constituents of black-tailed (0. h. columbiuma Richardson) and mule deer fed 1 single-and 10 mixed-species diets. We also examined the effect of quantifying fecal indices based on dry matter, organic matter, and neutral detergent fiber in feces on these relationships.
Methods
Diets were prepared from diverse mixtures of primarily wildgrown forages (Table 1) ; components were partially dried, chopped, and thoroughly blended. Three black-tailed and 3 mule deer were used during the first 7 digestion trials; 5 mule deer were used in addition to the original 6 deer in various combinations during the final 4 trials. Each trial started with 6 animals (except diets Alf, WI, W2, and W3 which started with 7 deer), but on some diets (Table 2) we removed individual deer from trial conditions when their intake dropped precipitously. We housed deer within standard metabolism crates, and offered fresh feed and water ad libitum twice daily (0730 and 1700 hours); a mineral salt block also was provided. All deer received the same diet at the same time. Digestion trials consisted of a preliminary adjustment period (>I3 days) followed by a collection period (5-6 days). Length of collection periods was shortened for all individuals when any deer failed to maintain constant intake after 5 days. We collected orts (refused feed) and feces once per day (1600 hours). Until chemical analyses could be performed, we stored subsamples of feed and orts at room temperature (24" C) and feces at -4" C. Storage of feces indoors at room temperature in paper bags or quickly frozen or refrigerated in plastic bags stops bacterial growth. However, storage at room temperature in plastic bags for >3 days can elevate DAPA levels through continued microbial activity (B.B. Davitt, unpubl. data) . Samples of diet, orts, and feces were oven-dried at 55" C, ground in a Wiley Mill to pass a 1.0 mm screen, and analyzed for crude protein and gross energy, using standard macro-Kjeldahl and bomb calorimetry (Parr adiabatic calorimeter) procedures, respectively (AOAC 1984) . We determined fecal NDF and fecal ADF following methods of Mould and Robbins (1981a) . We quantified fecal acid detergent lignin (ADL) according to Goering and Van Soest (1970) on the residual fecal ADF, but omitted asbestos fiber. We also analyzed DAPA according to Davitt and Nelson (1984) . We determined dry matter and organic matter by difference in weight before and after drying in a convection oven at 100" C overnight and after ignition in a muffle furnace at 500" C for 2 hours, respectively. We calculated apparent digestibility of crude protein and energy as the amount consumed less the amount excreted in feces; we presented the result as a percentage of amount consumed (Table 2) . We quantified protein precipitating capacity of tannins in the 11 diets using blue, dye-labeled bovine semm albumin (BSA) (Hagetman and Robbins 1987).
We pooled diet and fecal data separately across animals by diet before analysis (Tables 2, 3 , and 4). This procedure simulates how fecal indices would be used in the field, where animal identity is unknown and during subsequent analyses individual variation is pooled. Furthermore, Jenks et al. (1989) reported that composited fecal samples provided improved cost effectiveness without compromising efficacy of the fecal N technique. We used least squares regression analyses (SAS 1982) to examine relationships between each fecal index (N, DAPA, NDF, ADF, and ADL) and dry matter intake, digestible energy, digestible energy intake, crude protein content, crude protein digestibility, and digestible crude protein intake. We expressed each fecal index per unit organic matter and per unit dry matter in feces; fecal N and DAPA also were quantified per unit neutral detergent fiber in feces. These 12 fecal indices (Tables 3 and 4) were used as independent variables in models to predict diet quality and intake.
To select the best fit equation for each comparison, we first plotted all fecal indices against all diet quality and intake variables. We examined plots of residuals to be sure we met statistical assumptions. To model these relationships, each dependent and independent variable underwent transformations selected from figures given by Hoed (1954) . The 6 transformations on the independent variable were: X, In(X), X2, (X&t(X), l/X, and l/in(x). The 2 transformations on the dependent variable were: Y and In(Y). We made comparisons between all possible combinations of each X and Y transformation. We protected against experiment wise Type I error using a Bonfetroni-corrected rejec- Equatioa plots of the best models, were used to identify equations which best fit the data. When fecal indices accounted for >80% of the variation in dependent variables, as indicated by the fit index, we were satisfied that corresponding equations were suitable for management purposes (Nunez-Hemandez et al. 1992 ).
Results and Discussion

Dry Matter Intake
Fecal diaminopimelic acid on a neutral detergent fiber basis exhibited the highest fit index and lowest standard error for any model (Table 5 ). All equations, except 5.9 -5.12 using fecal ADF and fecal ADL, were significant (PcO.05). Past studies with cattle (Holloway et al. 1981 , Holechek et al. 1982 , Wofford et al. 1985 , Nunez-Hemandez et al. 1992 ) did not identify a fecal chemical constituent suitable for monitoring intake. However, forage intake among small ruminants may be more closely related to fecal indices of microbial origin. Deer have smaller rumen capacity and forage more selectively than larger ruminants (Short 1981) . Nunez-Hemandez et al. (1992) found intake of goats on low phenolic diets was closely related to fecal N. Regardless of foraging strategy, forage intake may be difficult to model using only fecal chemistry because it is both a behavioral and biological phenomenon. Energy Digestibility and Intake Our best single index of digestible energy, as indicated by both the fit index and standard error, was fecal NDF on a dry matter basis (Table 6 ). All equations in table 6, except 6.11 and 6.12, described significant relationships (P ~0.05). Although Mubanga (1985) found only weak relationships between fecal NDF and diet digestibility, Short and Remmenga (1965) found fecal cellulose (not examined in our study) was a reliable index of digestible energy in deer. They concluded cellulose was the primary cell wall constituent influencing the digestibility of energy. Furthermore, during neutral detergent analysis, microbial and other endogenous matter are removed rather than plant cell contents. These solubles should contain most of the microbial debris in feces, including fecal N and DAPA. The complementary relationship between fecal NDF and neutral detergent solubles (i.e., lOO-%fecal NDF) during neutral detergent analysis probably contributes to the usefulness of fecal NDF. Thus, fecal NDF should give results similar to fecal N and DAPA. When sequentially determined, fecal ADF and ADL would be more distantly related to this endogenous material because of previous solubilization, resulting in their poorer predictive capabilities. Fecal diaminopimelic acid (ndf basis) provided the most precise estimate of digestible energy intake (Table 7) . Only equations 7.11 and 7.12 were not significant (P~0.05). However, Leite and Stuth (1990) found concentration of insoluble N in the feces of steers was most closely correlated with digestible energy intake, but not with sufficient precision for predictive use. In our study, DAPA, fecal NDF, and fecal N were good indices of digestible energy intake. Fecal N is largely of microbial origin (770%), where microbial N in the feces closely corresponds to the level of energy metabolism of the ruminant host (Mason 1969) . Weller (1969) reported SO% of the ruminant's energy is derived from volatile fatty acids produced by rumen bacteria.
Diaminopimelic acid is found almost exclusively in bacterial cell walls (Work and Dewey 1953, Purser and Buechler 1966) except for in a few blue-green algae (Work and Dewey 1953) . Although small amounts have been isolated from common foodstuffs (e.g. silage and hay) (Czerkawski 1974 , Dufva et al. 1982 , the presence of DAPA in hay and silage has been attributed to bacterial contamination (Dufva et al. 1982 ). Therefore, DAPA should provide a more specialized indication of microbial dynamics than fecal N. Further, low levels of digestible energy in the diet may limit microbial growth and should be detected by decreases in DAPA. However, degradation of DAPA by hindgut microbes has (Mason and White 1971) . Extent of breakdown may depend at least in part on type of feed (Orskov et al. 1970) and perhaps on composition of the microbial community.
Crude Protein Content, Digestibility, and Intake
The best single predictor of crude protein in our experimental diets was fecal N (ndf basis) (Table 8) ; all 3 DAPA indices also were suitable predictors. Mubanga et al. (1985) also found a close relationship behveen diet N and fecal N for mule deer and concluded fecal N was potentially valuable for monitoring fluctuations in diet quality. Howery and Pfister (1990) found that under controlled conditions fecal N was useful for detecting large differences in diet N. Table 8 . Best fit (highest fit index and lowest standard error) of 12 fecal indices' with crude protein content' (CP) from digestion trials with Table 9 . Best fit (highest fit index and lowest standard error) of 12 fecal indices' with digestible crude protein2 @CP) from digestion trials with black-tailed and mule deer, Washington State University, 1985 University, -1987 black-tailed and mule deer, Washington State University, 19854987.
Unlike crude protein content, the best index of crude protein digestibility was DAPA on a neutral detergent fiber basis (Table  9) and DAPA on an organic matter basis was the best for digestible crude protein intake (Table 10) . Clearly, DAPA (ndf basis) is the best overall estimator for all 3 crude protein variables. Fecal indices of microbial origin again provided the greatest precision. Only slight differences were evident between equations 9.1,9.2,9.3, and 9.4, in either fit index or 2. However, with the relatively low fit indices and high standard errors for equations predicting crude protein digestibility, we feel these do not offer predictive capability.
Tannins
The most limiting factor in using fluctuations in fecal N to indicate changes in diet quality is the presence of protein-complexing tannins. Holechek et al. (1982) and Leslie and Starkey (1985) , examining data of Mould and Robbins (19Slb) , noted that hightannin forages must comprise approximately 25 to 33% of the diet before the fecal N/diet N relationship was affected. Our protein precipitation assays revealed only 5 of our 11 diets contained measurable amounts of tannins and 2 of the tannin-containing diets (S2 and S3) precipitated only trace amounts of BSA. Extracts from diets Wl, W2, and W3 precipitated 0.136, 0.031, and 0.300 mg BSA/mg forage, respectively. In comparison, McArthur et al. (1993) reported protein precipitation (mg BSA/g forage) from leaves of bluebeny (Vuccinium spp. L.) ranging from 0.08-0.17, red stem ceanothus (Ceanorhus sanguineus Pursh) at 0.12, mountain maple (Acer glubrum Torr.) at 0.41, red osier dogwood (Cornus stolonifera Michx.) at 0.51, and freweed (Epilobium ungustifolium L.) from 0.50 to 0.84. Tannins in our diets precipitated only low to moderate amounts of protein and likely did not reduce protein digestibility. The tannin:protein ratio in consumed forages may be important in determining whether insoluble tannin/protein complexes will form (Hagerman and Robbins 1987) . Perhaps, our diets were either too low in tannins or too high in protein to affect our diet quality and intake predictions. Further, saponins in some forages (not measured during our 1985-1987. No.
Equatiod Fit 'Fecal 2.6 diaminopimelic acid @APA), nitrogen (FN), neutral detergent fiber (FNDF), acid detergent fiber (FAL)F). acid detergent ligain (FADL.); organic matter basis (om), $ry matter basis (dm). neutral detergent fiber basis (ndf). g/kg body weight&y 'For equations using lnY, r* is based on transformed y-variable. *Pco.os study) also may reduce toxic effects of tannins (Freeland et al. 1985) . Presumably, free-ranging deer might consume combinations of forages which minimize noxious effects. Regardless of these findings, deer managers using fecal N to monitor diet quality and intake need to know which forages are high in tannins and how important these forages are in the diet of deer in their area. Because tannin-protein complexes are excreted in feces, presumably without benefit to rumen microbes, DAPA and fecal NDF should be more sensitive to fluctuations in diet quality than fecal N, especially when diets are comprised of significant amounts of tannin-containing forages.
Alternative
Methods of Quantification In general, quantifying fecal NDF on a dry matter basis and DAPA and fecal N on a neutral detergent fiber basis resulted in the most precise equations for predicting diet quality and intake. Dry matter is the simplest and least labor-intensive method of quantifying fecal indices. Predictive equations using fecal indices quantified on an organic matter basis performed similarly to those on a dry matter basis. Differences between fiber indices when quantified by dry matter and organic matter may result from partial solubility of some of the total ash fraction (used to correct for organic matter) in neutral detergent solution. Presenting data per unit organic matter, however, has advantages over the dry matter basis because inadvertent ingestion of soil while grazing, although minor in wild ungulates (Beyer et al. 1994) , could reduce the amount of fecal constituent per unit dry matter, but should have no affect on the amount per unit organic matter. Furthermore, some range ruminants intentionally consume large amounts of soil from mineral licks, particularly during spring and early summer (Weeks and Kirkpatrick 1976, Seip and Bunnell 1985) . When ruminants are using mineral licks, quantifying fecal indices on a dry matter basis may lead to underestimates of diet quality and intake.
We speculate that deer feces collected from melting snow or from damp forest litter might appear fresh, yet have lost some soluble organic material because of exposure. Under these conditions, we believe the undigested cell wall constituents in feces are least likely to be solubilized and would therefore provide a more suitable method of quantifying fecal indices. Quantifying fecal N and DAPA per unit neutral detergent fiber in feces is superior to both the organic matter and dry matter basis under controlled conditions, however, exposure tests of ndf-based indices are still needed in a variety of climates and seasons. Furthermore, because we found fecal NDF to be a suitable index of deer diet quality and intake by itself, coupling it with fecal N and DAPA reduces some of the variability associated with fecal organic matter or dry matter output; the result is a superior single index which may have added potential for overcoming biases in the field.
Limitations and Implications
Our basic criteria for whether or not an equation should be used for management purposes (i.e., independent variable accounts for SO% of variation in dependent variable) follows NunezHemandez et al. (1992) in a similar study. However, managers must exercise caution with some of our equations. Many equations describe complex curvilinear relationships. Furthermore, data outside the range that was used to develop these relationships should not be used to predict diet quality and intake.
In contrast to findings with domestic ruminants, some fecal indices are closely related to diet quality and intake in blacktailed and mule deer. Perhaps the wide variation in forage species and forage quality consumed by deer over the course of a year may make fecal indices more appropriate as deer tend to feed more selectively (Short 1981 ) than other range ruminants. Most of our data probably encompass the low range of diet quality for free-ranging deer, but because over-winter mortality is related to animal condition prior to winter (Mautz 1978) and not simply quality of winter forage, we also included high quality diets in our relationships. Although these markedly different diets are likely to be consumed by deer over a year, using such a wide range of diet quality may have improved the fit of our equations. Furthermore, in our modeling of fecal indices, we pooled individual animal variation in an attempt to mimic field application of this technique and this too probably improved the fit of our equations. We also found that curvilinear models best described the relationships between fecal indices and diet quality. Simple linear regressions rarely provided the best fit equation.
Conclusions
Deer managers can monitor trends in black-tailed and mule deer diet quality and intake using DAPA, fecal NDF, and fecal N using predictive equations. Of our 11 diets, only 3 contained low to moderate amounts of protein precipitating tannins; thus, we were unable to evaluate the effects of tannins on the efficacy of fecal indices. However, using different methods to quantify fecal indices affected the precision of predictive equations. Indices of microbial origin (fecal N and DAPA) were most precise when presented on a fecal ndf basis rather than organic matter or dry matter; fiber indices were often most precise when based on fecal dry matter rather than organic matter. Ingestion of soil could bias results of dry matter-based indices. Data on effects of weathering especially in moist climates is needed to test the validity of ndfbased indices, but, DAPA and fecal N, when quantified on a neutral detergent fiber basis, appear to have potential outside these conditions given their overall performance. Fecal indices, along with a knowledge of herd food habits (Nunez-Hemandez et al. 1992) shuuld allow free-ranging black-tailed and mule deer to be managed based on the quality of habitat available to them.
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